DIVISIONAL APPLICATION 



FOR 



UNITED STATES LETTERS PATENT 



n 



APPLICANT : 
TITLE: 

DOCKET NO. : 



Douglas S. Armbrust et al. 

SELF-ALIGNED COPPER SILICIDE 
FORMATION FOR IMPROVED 
ADHE S lON/ELECTROMI GRAT ION 

BU9-98-110DIV 



INTERNATIONAL BUSINESS MACHINES CORPORATION 



-ALIGNED COPPER SILICIDE FORMATION FOR IMPROVED 
ADHESION/ELECTROMIGRATION 



BACKGROUND OF THE INVENTION 



Field of the Invention 



The present invention generally relates to methods for increasing the 
adhesion of a terminal to the top copper wiring level in semiconductor devices. 



Description of the Related Art 



Conventional systems have improved the adhesion of silicon nitride to an 
interior copper wiring surface by the addition of an intervening copper silicide 
layer. For example, as described in U.S. Patent 5,447,887 to Filipiak et al., 
hereinafter "Filipiak" (incorporated herein by reference), the connections of 
internal levels within a semiconductor device are improved with an intervening 
copper silicide layer. 

The silicide layer is conventionally formed within a plasma enhanced 
chemical vapor deposition (PECVD) reaction chamber by introducing silane 
(SiH4) in the absence of a plasma into the chamber. The silane reacts with exposed 
copper surfaces to form copper silicide. After a sufficient thickness of copper 
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silicide is formed, plasma is generated and gases are introduced into the reaction 
chamber for deposition of silicon nitride onto the device, including onto the 
copper silicide layer. The intervening copper silicide layer acts as an adhesion 
layer between the silicon nitride and the copper. 

Filipiak teaches that a silicide layer approximately 100 angstroms (100 A) 
thick is sufficient to significantly increase the adhesion between the nitride and 
copper. More specifically, Filipiak explains that, as a general rule, the thickness 
of a silicide layer should not exceed 10% percent of the total thickness of the 
copper. A reason for limiting the thickness of the silicide layer to less than 10% 
of the total copper thickness is that the silicide degrades the resistivity of the 
copper. While generally the silicide layer should not exceed 10% of the total 
thickness of the copper interconnect, Filipiak shows that a silicide layer thinner 
than 100 angstroms (lOOA) or less than 2% of the total copper thickness is 
sufficient to significantly improve the adhesion of a subsequently deposited 
PECVD silicon nitride film to the copper member. 

However, Filipiak's method is limited specifically it does not provide 
sufficient coverage or uniformity and, consequently, it does not provide the 
required adhesion strength for the terminal layer to remain connected to the last 
metalization (LM) layer. The invention described below solves the above 
problem. 
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SUMMARY OF THE INVENTION 



having, exposed ,.,„e.,.a«„„(LM),a,e.c,ea„i„„He,...e.H..o„ 

laver. fnrm 

. .„..,uc ,„ a top ^rto„ Of *e las, „e,aiiza,ion layer and fo™,„g 

a terminal over the silicide. 

The ,3., „eMiza«o„ layer be copper. TT,e cleaning , performed by 
applying an an^onia piasn. and a hydrogen p,asn,a ,o fte las, .e,a,izati„„ layer 
TTe silicide is fo™ed in fta top to 20% of the .hiclcness of fte las, 

solder tenninal elec«ca,ly conneced ,o ,be silicide. TH. fonning of U,e ,e™inal 
oompHses fonning a silicon nitf de layer physically conneced ,o *e silicide. The 

silicide. TT,e s,ruc,„re includes i„sula,ing layers alK.ve Ac silicon ni,dde layer. 

The semiconducor device has a, leas, .wo levels of in,erc„a„ec,ing 
mcallurgy. and includes a firs, level of subsmn«al,y silicide free ™e,allurgy and 
an uppennos, layer of meiallurgy including a bonding pad. whe.in a ,op of Ae 
upper^os, layer includes a silicided surface. in.erconnec,i„g „e,allurgy is 
copper. Prior ,o f„™a,ion of d,e s„icided surface, fte uppennos, layer is cleaned 
by applying an annnonia plasma and a hydrogen plasma. TTe silicided surface 
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comprises the top 10% to 20% of the uppermost layer. The semiconductor device 
further includes a lead or tin solder terminal electrically connected to the silicided 
surface. A silicon nitride layer is connected to the silicide and includes an 
opening allowing direct electrical contact with the silicided surface. 

The invention reduces such delamination by forming the silicide layer over 
the last metalization layer to generally at least 10-20% the thickness of the LM 
layer. This extensive silicide formation is required at the LM level to resolve the 
copper/nitrite adhesion issues discussed above. Also, because the last 
metalization layer comprises very thick metallurgy, it is substantially less sensitive 
to resistivity shifts and therefore, the resistivity problems noted with conventional 
copper silicide (CuSi) systems is avoided. The improved surface coverage 
provided by the invention enables less resistivity shift per percent thickness of LM 
layer formation. 



BRIEF DESCRIPTION OF THE DRAWINGS 



The foregoing and other objects, aspects and advantages will be better 
understood from the following detailed description of a preferred embodiment of 
the invention with reference to the drawings, in which: 

Figure 1 is a schematic diagram of a last metalization layer and terminal 
connection; and 

Figure 2 is a flow diagram illustrating a preferred method of the invention. 
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DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS OF THE INVENTION 



As described above, the conventional methods for improving adhesion 
between interior copper wiring layers and adjacent insulating layers do not 
provide sufficient reliability of the terminal layer (e.g., the C4 layer) over the last 
metalization (LM) layer. The invention solves this problem by cleaning the 
exposed copper wiring layer and increasing the thickness of the silicide layer 
aboye 10%. 

Special problems exist with the adhesion of the last metalization layer 
because the last metalization layer is subject to higher levels and different forms 
of stress than are the other metalization lawyers within the structure. For 
example, the last metalization is often physically connected to a solder ball 
terminal layer which is used to make electrical and physical contact to exterior 
structures. The exterior structure moves differently (through physical movement) 
and may have different thermal coefficients of expansion which tends to place 
high levels of stress (including shearing forces) on the last metalization layer. 
Therefore, delamination of the silicon nitride from the last metalization layer is 
more common than delamination within the semiconductor structure. 
Conventional solutions to this problem involve forming additional masking levels 
and patterning addition non-copper layers to reduce the stress between the copper 
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and LM nitride. These solutions are costly, add significant cycle time and do not 
directly address the weak Cu-nitride interface which is responsible for the LM 
delamination. 



over 



The invention reduces such delamination by forming the silicide layer 
the last metalization layer to generally at least 10-20% the thickness of the LM 
layer. This extensive silicide formation is required at the LM level to resolve the 
copper/nitrite adhesion issues discussed above. Also, the last metalization layer 
generally comprises veiy thick metallurgy, and is, therefore, substantially less 
sensitive to resistivity shifts. Thus, with the invention the resistivity problems 
noted with conventional copper silicide (CuSi) systems is avoided. The improved 
surface coverage provided by the invention enables less resistivity shift per 
percent thickness of LM layer formation. 

Referring now to Figure 1, a cross section of the last metalization layer of 
a semiconductor device is illustrated. More specifically. Figure I illustrates an 
insulating layer 10, such as a silicon dioxide layer, which insulates the structure 
shown from underling wiring layers. A wiring pattern 1 1 is positioned within the 
insulator 10. For example, the wiring pattern 1 1 comprises copper or other 
similar conductive material. 

An important aspect of the invention is that the wiring pattern 1 1 is the last 
metalization layer (LM) of a semiconductor structure. As is well known to those 
ordinarily skilled in the art, the last metalization layer is often substantially thicker 
than the underlying metalization layers. The additional thickness of the last 
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metalization layer allows the invention to form a thicker silicide layer without 
incurring the penalties associated with increased resistivity. 

The sides and bottom of the last metalization layer 1 1 are separated from 
the insulator 10 by a conductor 12 such as Tantalum or Tantalum Nitride. 

The underlying structure and the insulator 10, last metalization layer 1 1 
and conductive layer 12 are formed using methods well known to those ordinarily 
skilled in the art. For example, a pattern of openings can be formed in the 
insulator 10, using conventional lithographic and etching techniques. The 
openings formed by the lithographic process can then be lined with the liner 12 
using conventional deposition processes, such as sputtering, chemical vapor 
deposition (CVD) and other well-known deposition processes. The 
photolithographic mask can then be removed leaving the liner 12 only within the 
wiring openings. The openings are then filled with the conductive material 1 1 
using, for example, chemical vapor deposition, sputtering or other similar 
metalization processes. The structure can then be planarized to prepare for the 
subsequent processing. 

The invention then cleans the exposed conductor 1 1 surface. For example, 
the conductor 1 1 surface could be cleaned using any well-known cleaning process 
such as ammonia (NH3) or (Hj) hydrogen plasma enhanced chemical vapor 
deposition (PECVD) process. The plasma could be applied using power within a 
range of 450W-550W, where the flow rate for NH, would be approximately 2,700 
seem and the flow rate for 800 seem, for 10 seconds at a pressure of 2.6 Torr 
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and temperature of 400 °C. Alternatively, the conductor 1 1 surface could be 
cleaned in a high density plasma (HDP) reactor using a power of 4500 W and a 
flow rate for Hj of 400 seem for 40 seconds at a pressure of 6 mTorr at a 
temperature ramped from 0°C to 365 °C. 

The cleaning removes any oxidation which may have formed over the 
conductor 1 1 and also removes any contaminants which may have been deposited 
on the conductor 1 1 during the previous processing and block CuSi formation. 
The cleaning process reduces or eliminates the formation of silicide islands, which 
is common with conventional silicide processes. Therefore, the silicide formed 
according to the invention is more uniform and offers better adhesion than 
conventional silicide copper structures. 

The upper portion of the conductor 1 1 is then silicided in the same 
chamber or the structure can be transferred to another chamber so long as a 
vacuum is maintained to keep the upper surface of the conductor 1 1 clean. The 
silicide layer 13 is formed using conventional silicide processes. For example, 
Nitrogen is flowed at 1500 seem and SiH4 is flowed at 15 - 180 seem in a chamber 
having 2.6 Torr pressure and a temperature of approximately 400 °C. The 
processing is continued for a period of time sufficient to form silicide layer 13 and 
conductor layer 1 1 (0-180 seconds). Regarding the relative thicknesses, the last 
metalization layer 1 1 can be 8000 angstroms thick while the silicide layer 1 3 can 
be approximately 1000 angstroms thick. 

As is well known to those ordinarily skilled in the art, a wide variety of 
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process conditions can be utilized to silicide a conductor and the foregoing is 
merely exemplary. As mentioned above, even though the invention forms the 
silicide layer thicker than the 10% limit which is known conventionally, the 
resistance problems are avoided because the last metalization layer 1 1 is 
substantially thicker than the metalization layers below in the underlying 
structure. 

Further, by cleaning the top of the last metalization layer 1 1 before 
forming the silicide, the reaction rate of silicide formation is greatly improved. 
Also, the cleaning enhances the uniformity of the silicide formation or surface 
change. This cleaning benefits any silicide formation process but is a requirement 
for forming a relatively thick CuSi layer that successfully integrates the LM level 
for copper applications. 

However, the cleaning aspect of the invention is not limited to the last 
metalization layer. Therefore, even the buried wiring layers can benefit from the 
inventive cleaning process performed prior to the silicide formation. In other 
words, this aspect of the invention improves the adhesion and reduces 
delamination of all silicided wiring layers within the structure. 

A series of insulating layers is then formed above the silicided layer 13. 
More specifically, an insulating layer 14 which acts as a Cu diffusion barrier, such 
as silicon nitride Si;.^^, is then formed using well known conventional processes 
to a thickness required by the specific application involved. For example, the 
silicon nitride layer 14 can be formed to a thickness of approximately 700 
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angstroms. With the invention, the adhesion between the silicon nitride layer 14 
and the copper 1 1 is improved because an interfacial layer (13) has been formed 
which has greater adhesion strength to copper and to nitride than copper and 
nitride have to one another. 

Similarly additional insulating layers such as silicon dioxide 15 and an 
additional silicon nitride layer 16 are formed over the insulating layer 14. Then a 
polymide layer 1 7 is formed to provide mechanical protection to the chip. 
The structure is then patterned using well-known methods and techniques. The 
opening is lined with a conductive material 18 again, using well-known 
conventional processes. Then, a large conductive terminal 19 (C4 level contact) is 
formed using a lead (Pb) or Tin (Sb) solder ball to make a terminal connection to 
exterior devices. 

The process discussed above is shown in flowchart form in Figure 2. 
More specifically, in item 20 the last metalization layer 1 1 is formed. Then, the 
last metalization layer 1 1 is cleaned as shown in item 21 . Subsequently the thick 
silicide layer 13 is formed using the top portion of the last metalization layer 11. 
Finally, the terminal structure 19 is formed over the silicide 13 as shown in item 
23. 

As discussed above, last metalization layers present special delamination 
problems that are not addressed by conventional systems. The invention solves 
these problems by cleaning the last metalization layer and forming a thick silicide 
over the last metalization layer. Therefore, the invention produces a structure 
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which is more durable and more reliable than the conventional systems without 
substantially increasing production cost or altering production processes. 

Additionally, the plasma treatment process introduced to clean the 
conductor prior to silicide formation enables better conformity and starts attractive 
reaction kinetics which enhances the integratability of conventional silicide 
systems. Further, electromigration is improved over conventional systems by 
forming a more continuous self-aligned layer. The invention also inhibits Cu void 
formation by improving continuity of nitride/copper interface. 

While the invention has been described in terms of preferred 
embodiments, those skilled in the art will recognize that the invention can be 
practiced with modification within the spirit and scope of the appended claims. 
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